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Abstract 
The jumping ring experiment is an outstanding demonstration of Faraday’s laws of electromagnetic induction and 
also of Lenz’s law.  A conducting non-magnetic ring is placed over the extended vertical core of a solenoid.  When ac 
power is applied to the solenoid, the ring is thrown off or held in a state of levitation.  This phenomenon happens 
because the induced current in the ring flows in the direction to counter that of the solenoid current.  Consequently, 
two magnetic fields repel each other, giving rise to the jump effect.  The induced current is corresponding to the jump 
height of a ring.  In this work, the jump heights of brass, copper and aluminium rings subjected to different 
parameters such as temperature, vertical length of ring and applied solenoid current were investigated.   
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
The jumping ring experiment is an educational and fascinating demonstration in physics classrooms to 
illustrate the Faraday’s laws of electromagnetic induction and Lenz’s law as well.  It is the basis for linear 
actuators for servomechanical purpose as well as induction heating and rail guns [1]. The jumping ring 
experiment was first exhibited by Elihu Thomson in 1887 at a meeting of the American Institute of 
Electrical Engineers and is therefore sometimes called Thompson’s ring.  It has been shown many times, 
since a notable example being that of Lord Rayleigh in 1891, at the Royal Institution in London, during a 
lecture to mark the centenary of the birth of Michael Faraday [2]. With modern sensors, electronics, and 
computers, students can investigate the factors that influence to the force on a conducting ring in an 
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alternating magnetic field.  The basic apparatus is illustrated in Fig. 1.  It is made up of a conducting non-
magnetic ring placed over the extended vertical core of solenoid or demountable transformer.  When ac 
power is applied to the solenoid, the alternating current passing through the coil induced a current in a 
non-magnetic ring.  The resulting force of repulsion makes the ring jump up.  If the current is increased 
slowly, or the ring placed over the tube while the current is already flowing, the ring will levitate several 
centimeters above the acrylic former [2-3].   
The jumping ring experiment is capable of development and experimentation.  Several investigations 
have been reported [1-7].  In this work, the jumping ring apparatus is constructed and the jump heights of 
the aluminium, copper, and brass rings are considered when varying several parameters such as 
temperature, ring dimension, applied current to a solenoid.             
Fig. 1. Diagram of the jumping ring apparatus                                 
2.  Theory 
When passing a sinusoidal current Is = I0 sin(˰t) at a fixed frequency to a solenoid, an axial magnetic 
field with a radial component,  
                                                                            Brad = KnIs0P ,                                                           (1) 
is induced [8].  Where n is number of wire turns per unit length of the solenoid, ˤ0 is effective 
permeability of core of steel wires (see Fig. 1), and K is a geometrical constant.  The strength of Brad
depends on the applied current Is and the number of turns in the coil.  The magnitude of the induced 
electromotive force (emf,H ) in a ring, which drives current through the ring Ir, is equal to the rate at 
which the magnetic flux ˎB through that ring changes with time.  The emf is described by Faraday’s laws 
of electromagnetic induction, 
                                                                              
dt
d BIH  .                                                                 (2)  
The minus sign indicates that the induced emf and the change in flux have opposite signs.   
An induced current Ir has a direction such that the magnetic field in the ring Br due to the current Ir
opposes the change in the magnetic flux ˎB [9].  This is known as Lenz’s law for determining the 
direction of an induced current Ir.  Because the ring current is opposite to the solenoid current, the two 
magnetic fields repel each other, giving rise to the jump effect.  The upward force on a ring of radius a , 
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which arises from the interaction between the current induced in the ring by the large axial alternating 
magnetic field of the solenoid and the radial component of the solenoid’s fringing magnetic field [5, 8], is  
                                                                srradr InKIaBaIF 022 PSS   n .                                               (3) 
By Faraday’s laws of induction, the ring is an LR circuit with inductance L and resistance R.  It can be 
shown that 
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where M is a mutual inductance between the ring and the solenoid.  Substituting Ir in Eq. (4) into Eq. (3), 
it leads to 
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The term of tt ZZ cossin is equal to 
2
2sin tZ , and represents a component of the force that oscillates with 
a frequency of 2˰The tZ2sin  term, which is equal to 
2
2cos1 tZ , is equal to 1/2 when averaged over a 
cycle.  Therefore, the time-averaged lifting electromagnetic force on the ring can be written as 
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Eq. (6) shows that the force on the ring is varied with the square of current in solenoid, frequency of AC 
power source, mutual inductance, ring inductance, ring resistance, ring dimension, and number of wire 
turns per unit length of the solenoid.   
In 2008, Smith [3] explained that the optimum number of turns n, keeping all other variables constant, 
is
                                                                                  
l
rn
Z
 ,                                                                 (7) 
where l and r is inductance of a single turn and resistance of a single turn, respectively.  Furthermore, he 
found that a ring material with the smallest resistivity (˪, ˑm) and density (˨, kg/m3) production which 
give the greatest upward acceleration to the ring.  
3.  Materials and method
3.1.  Construction of the jumping ring apparatus 
A photograph of the constructed apparatus is shown in Fig. 2.  Solenoid consists of 38 layers of 2000 
turns of #20 copper wire wound around a plastic tube.  The length of solenoid is 10 cm.  The magnetic 
core is a close-packed set of 130 soft iron rods of 40 cm length and 2 mm diameter enclosed in a 30-mm-
diameter plastic tube.  In this work, different ring materials (copper, aluminium, and brass) of various 
vertical lengths (3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39 mm), and fixed 3.5 cm inner diameter 
and 6.5 cm outer diameter, which were sliced from copper, aluminium alloy, and brass pipe, were 
determined (see Fig. 3).  A conducting ring was placed over the extended core of a vertical solenoid and 
the jump height h was measured from the starting position of the ring.   
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3.2.  Considering the chemical and physical properties of rings 
Before jumping ring experiments, the chemical and physical properties of various rings were 
investigated.  Due to the upward force corresponding to resistivity, the elemental purity and resistivity of 
rings were measured.  The samples of copper, aluminium, and brass rings were selected to evaluate the 
purity of Cu, Al, and Cu and Zn, respectively, by standard test method for chemical analysis at the 
Department of Science Service, Ministry of Science and Technology (Thailand).  Beside chemical 
analysis, the resistivity of rings was measured with a four-wire source meter Keithley, Model 2410 
operated in current- reversal mode at a room temperature with three repetitions.  Here, the presented 
results are average values.             
Fig. 3.  A set of rings of various axial lengths sliced from copper, aluminum alloy, and brass pipe of fixed wall thickness 
3.3.  Jumping ring experiments 
Experiments were performed in an attempt to understand the major factors such as applied voltage to a 
solenoid, ring mass and ring temperature affecting the jump height of rings.  A set of copper, aluminium, 
(a) Copper rings (b) Aluminium rings (c) Brass rings 
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and brass rings was produced.  The mass was varied by making rings of different vertical length while 
keeping the same inner and outer diameters (see Table 1).  The experiments were performed by placing 
the ring to be tested on to the acrylic coil former which was situated in front of ruler fixed to the wall 
behind.  The power supply for the coil adjusted by VARIAC was set as 180 V, 200 V, and 220 V.  The 
current through the solenoid was switched on, resulting in an instantaneous jump of the ring.  It is 
important to appreciate that the solenoid current should be switched off immediately after the jump has 
occurred to avoid burning out the coil [2].  The maximum jump height of rings for room temperature (30 
ºC) was then recorded.  For the low temperature, the same procedure was followed, but this time the ring 
was cooled in liquid nitrogen contained in a dewar until the ring temperature as -45.93 r 1.24 ºC and then 
quickly transferred to the acrylic former.       
Table 1.  Mass listed in order of vertical length of ring 
                           
 Mass (g)  Vertical Length of Ring 
(mm) Copper Ring Aluminium Ring Brass Ring 
3 4.31 1.39 4.31 
6 8.88 2.87 8.49 
9 13.64 4.31 12.99 
12 18.31 5.78 17.19 
15 22.74 7.26 21.66 
18 27.66 8.13 26.50 
21  32.75 9.41 30.90 
24 36.99 10.81 35.38 
27  41.74 12.16 39.66 
30  46.32 13.48 44.22 
33  50.73 14.75 48.70 
36 55.76 16.21 53.08 
39 60.39 17.54 57.39 
4.  Results and discussion 
The resistivity and elemental purity of rings are illustrated in Table 2. From Table 2, it shows the 
resistivity of aluminium ring > brass ring > copper ring.  If the optimum number of wire turns per unit 
length of solenoid is used, therefore, a material with the smallest ˨˪ product will give the maximum 
acceleration to the ring.  This also explains the enhanced jump height when the rings are cooled in liquid 
nitrogen.   
Results of jump height as a function of mass for the copper, aluminium, and brass rings at room and 
cool temperature for applied voltage of 180, 200, and 220 V are shown in Fig. 4.  The data confirm a peak 
jump height that grows, narrows, and shifts to smaller optimal mass when the rings were cooled.  On the 
contrary, the response is much flatter at room temperature. The reasons for this were explained by 
Tjossem and Brost [5]. Clearly, at temperatures close to that of liquid nitrogen, there is a well defined 
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Fig. 4. The jump heights of copper, aluminium and brass rings at cool and room temperature for (a) 180 V; (b) 200 V; (c) 220 V 
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maximum jump height corresponding to an optimum mass to produce this effect for all materials.  By 
lowering the temperature of the ring, its electrical resistance decreases and hence the induced ring current 
is increased.  This, in turn, increases the strength of the magnetic field Br, thereby causing the ring to 
jump higher.  The present of other defects, such as impurities, will also result in an increase in resistance, 
caused by distortion of the crystalline structure within material. This will affect the flow of electrons, as 
well as the orientation of atoms, making direct collision more likely [2].       
At the same applied voltage and temperature, aluminium ring achieved the highest jump height when 
comparison with other materials.  The cause of this phenomenon is the value of ˨˪  Anyway, at the same 
temperature, the jump height increased with increasing of applied voltage because the upward force is 
proportional to the square of current in the solenoid [8].     
Table 2.  Composition and resistivity of rings 
Material Resistivity (10-6 ˑm) Analyzed Element Purity Percentage 
Copper 1.17 Cu 99.92 
Aluminium 1.37 Al 99 
Brass 1.29 Cu 58.3 
Zn 38.19 
5.  Conclusion 
The jumping ring apparatus is described. It is a striking demonstration of Faraday’s laws of 
electromagnetic reduction and also Lenz’s law.  It can be constructed with inexpensive parts, and others 
are often found unused in laboratory.  The jumping ring experiment is therefore suggested to demonstrate 
for introductory students or a more involved laboratory tool for advanced student. 
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